1. Introduction {#sec1-insects-10-00289}
===============

Hard ticks (Acari: Ixodidae) are vectors of several pathogens causing diseases that are of medical and veterinary importance. The blacklegged tick, *Ixodes scapularis* Say, is one of the most important hard ticks in the eastern United States as the vector for the etiologic agents causing Lyme disease, anaplasmosis, and babesiosis, among others. Due to its role in vector-borne disease transmission, *I. scapularis* is the only tick species that has been well documented in Wisconsin, using both active and passive surveillance methods \[[@B1-insects-10-00289],[@B2-insects-10-00289],[@B3-insects-10-00289],[@B4-insects-10-00289],[@B5-insects-10-00289],[@B6-insects-10-00289],[@B7-insects-10-00289],[@B8-insects-10-00289],[@B9-insects-10-00289],[@B10-insects-10-00289],[@B11-insects-10-00289],[@B12-insects-10-00289],[@B13-insects-10-00289],[@B14-insects-10-00289]\]. These studies demonstrated that *I. scapularis* has undergone a dramatic range expansion in Wisconsin since the 1980s \[[@B15-insects-10-00289]\]. Another vector species, *Amblyomma americanum* Linnaeus, formerly unknown in Wisconsin, has also been detected with increasing frequency \[[@B16-insects-10-00289],[@B17-insects-10-00289]\]. Our current understanding of the presence and geographical range of other ixodid tick species in Wisconsin comes from studies that summarize the results of collections from animals or humans that largely occurred between the early 1900s and the 1970s (\[[@B3-insects-10-00289],[@B6-insects-10-00289],[@B18-insects-10-00289],[@B19-insects-10-00289],[@B20-insects-10-00289],[@B21-insects-10-00289],[@B22-insects-10-00289],[@B23-insects-10-00289],[@B24-insects-10-00289],[@B25-insects-10-00289],[@B26-insects-10-00289],[@B27-insects-10-00289],[@B28-insects-10-00289],[@B29-insects-10-00289]\] and references therein). These studies recorded fifteen species, beginning with detection of *Dermacentor albipictus* Packard in 1907. Whether changes have occurred in the diversity and distribution of ticks that do not feed on humans is unknown.

Active tick surveillance, including dragging or flagging, captures important information regarding density and ecological correlates for specific tick species, but such methods are labor intensive and not effective for many species. Passive surveillance, involving the submission of ticks from collaborators or the general public, is a tool that has been successfully implemented to provide information on tick and pathogen distribution as well as host associations in other areas \[[@B30-insects-10-00289],[@B31-insects-10-00289],[@B32-insects-10-00289],[@B33-insects-10-00289],[@B34-insects-10-00289],[@B35-insects-10-00289],[@B36-insects-10-00289],[@B37-insects-10-00289],[@B38-insects-10-00289],[@B39-insects-10-00289],[@B40-insects-10-00289]\]. The Wisconsin Department of Health Services and the University of Wisconsin Medical Entomology Laboratory implemented a passive surveillance program in 2011 with the goal of collecting ticks for examination of the extent of the distribution of a newly emerging pathogen, *Ehrlichia muris eauclairensis* \[[@B41-insects-10-00289]\]. The Surveillance of Wisconsin Animals for Ticks (SWAT) program utilized a network of animal health providers to collect ticks from animals seen at each facility. A variety of animals were sampled, providing an opportunity to update previous records for human- as well as non-human-feeding ticks in Wisconsin.

The objective of this study was to describe the occurrence, distribution, and host associations of ticks resulting from the collection of specimens from domestic and wildlife species by participating veterinary medical clinics, domestic animal shelters, and wildlife rehabilitation centers in Wisconsin.

2. Materials and Methods {#sec2-insects-10-00289}
========================

Veterinarians, domestic animal shelters, and licensed wildlife rehabilitation centers in the state of Wisconsin were contacted by the Wisconsin Department of Health Services by email and telephone for participation in a passive tick surveillance program (SWAT). Collection materials (vials containing ethanol, data sheets, labeled mailers) were provided for all partners. Participants removed ticks from domestic and wild animals and placed all specimens from an individual animal in one 2 mL plastic vial containing 70% ethanol. Participants recorded the name of the facility, the county, the date the tick specimen was removed, the host species on which the tick was found, dog breed (if applicable), exact or approximate location where the tick may have been picked up (where known), travel history (for domestic animals) within the preceding two weeks, approximate number of ticks removed, and any other information the recorder believed important. Samples and datasheets were mailed to the University of Wisconsin--Madison for tick identification.

All tick specimens were identified by use of standard adult, nymphal, and larval taxonomic keys \[[@B23-insects-10-00289],[@B26-insects-10-00289],[@B42-insects-10-00289]\]. Poor condition of some specimens made morphologic identification past the genus level impossible; these specimens were recorded to genus or marked as unknown. Physical specimens are archived at the University of Wisconsin Insect Research Collection. Collection records will be available through the Vector Records Repository at the University of Wisconsin--Madison.

3. Results {#sec3-insects-10-00289}
==========

Tick specimens were submitted by 22 veterinary medical clinics, 20 domestic animal shelters, 7 wildlife rehabilitation clinics, and 4 other partners in 35 Wisconsin counties ([Figure 1](#insects-10-00289-f001){ref-type="fig"}) from August 2011 to November 2017. Most participants were involved for 1--3 years. Partners sometimes collected ticks from animals brought in from neighboring counties and submitted those samples; these counties are identified in [Figure 1](#insects-10-00289-f001){ref-type="fig"}. Any ticks that were collected from animals with a documented travel history outside of Wisconsin within two weeks of their veterinary visit were excluded from this analysis. A total of 10,136 ticks were removed from 2325 animals of 25 mammal and 11 bird species ([Table 1](#insects-10-00289-t001){ref-type="table"}). Of these, the host animal was not recorded for fifty-two samples (255 ticks). Domestic dogs (*Cans familiaris*), domestic cats (*Felis domesticus*), eastern cottontail rabbits (*Sylvilagus floridanus*), and North American raccoons (*Procyon lotor*) were most frequently sampled and yielded 39%, 8%, 30%, and 12% (total of 89%) of all ticks collected, respectively.

The species, stage, sex, and host species of the most commonly collected ticks is summarized in [Table 1](#insects-10-00289-t001){ref-type="table"}. Eleven of the sixteen ixodid tick species previously reported from Wisconsin (including *A. americanum*) were collected: *Dermacentor variabilis* Say (3214; 29.7%), *Ixodes texanus* Banks (2588; 25.5%), *I. scapularis* (2463; 19.5%), *Haemaphysalis leporispalustris* Packard (1232; 13.8%), *Ixodes cookei* Packard (461; 4.4%), *D. albipictus* (Packard) (121; 1.7%), *Ixodes dentatus* Marx (27; 0.3%), *Ixodes marxi* Banks (17; 0.2%), *Ixodes sculptus* Neumann (5; 0.05%), *Rhipicephalus sanguineus* Latreille(5; 0.05%) and *A. americanum* (3; 0.03%).

*I. scapularis* had the broadest host range and was collected from 15 mammal and ten bird species, including an adult tick removed from a big brown bat *(Eptesicus fuscus*; new host record) and two larvae removed from a fisher (*Martes pennanti*). *D. variabilis* was collected from 15 mammal species but only one bird, the American Robin (*Turdus migratorius*). *I. cookei* was found on 12 mammal species, including the fisher as well as other members of the canid and mustelid families. *I. texanus* was found on six mammal species, including raccoon, woodchuck (*Marmorata monax*), Virginia opossum (*Didelphis virginiana*), domestic cat, domestic ferret (*Mustela putorius furo*), and an eastern cottontail rabbit; however almost all the specimens were from raccoons (2577 of 2588 collected). Most raccoons had fewer than 50 *I. texanus* but on one occasion, a family of three pups were sampled in Brown County and yield 765 nymphs (June, 2014). *H. leporispalustris* was also found on six species, including two birds, but nearly all of the more than 1000 specimens were from eastern cottontail rabbits. Three tick species were collected from only one or two host species. These included *I. dentatus* (27 adults from Eastern cottontail rabbits), *I. marxi* (seven nymphs, seven adult females, three males; all from raccoons) and *D. albipictus* (121 adults from a farmed elk/white tailed deer operation that did not identify the host species). *I. sculptus* was collected from one raccoon (two nymphs) and three thirteen-lined ground squirrels (*Spermophilus tridecemlineata*; two adult females; one adult male). *A. americanum* was collected from a stray cat and from two dogs, all from southern counties (Jefferson, Dane, Iowa, WI, USA). These associations are consistent with previous host records \[[@B23-insects-10-00289],[@B43-insects-10-00289],[@B44-insects-10-00289],[@B45-insects-10-00289],[@B46-insects-10-00289],[@B47-insects-10-00289],[@B48-insects-10-00289]\].

*I. scapularis* ticks were submitted from 34 of the 35 counties with participating organizations (no specimens submitted from Forest County). Updated distribution maps for this species that included SWAT results were reported in Eisen et al. \[[@B15-insects-10-00289]\] and we found no additions for the additional 2016--2017 collections included herein. Similarly, *A. americanum* records have been recently summarized \[[@B17-insects-10-00289]\] and no additions were identified. *D. variabilis* was widely distributed as it was submitted by 32 of the 35 participating counties (no specimens from La Crosse, Vernon, or Marathon Counties) with reports for eight additional nonparticipant counties. We add 18 new county records for this species ([Figure 2](#insects-10-00289-f002){ref-type="fig"}) to the published record. *I. texanus*, *I. cookei*, and *H. leporispalustris* were submitted from 11, 14, and 10 of the contributing organizations, respectively. We add 12 new county records for *I. texanus* ([Figure 3](#insects-10-00289-f003){ref-type="fig"}), 11 for *I. cookei* ([Figure 4](#insects-10-00289-f004){ref-type="fig"}), and 8 for *H. leporispalustris* ([Figure 5](#insects-10-00289-f005){ref-type="fig"}) to the published record. Fewer collections were made for *I. marxi* (Racine, Milwaukee, Brown Counties, [Figure 6](#insects-10-00289-f006){ref-type="fig"}), *I. sculptus* (Brown, Waukesha Counties, [Figure 7](#insects-10-00289-f007){ref-type="fig"}), *R. sanguineus* (Wood County, [Figure 8](#insects-10-00289-f008){ref-type="fig"}), *D. albipictus* (Marinette and Oconto Counties, [Figure 9](#insects-10-00289-f009){ref-type="fig"}), and *I. dentatus* (Dane County only, [Figure 10](#insects-10-00289-f010){ref-type="fig"}). Note that wildlife sampling was most intense in the eastern half of the state where most of the wildlife rehabilitators were located.

4. Discussion {#sec4-insects-10-00289}
=============

Passive tick surveillance is an effective and sensitive method for early detection of the emergence of newly established tick populations and tick-borne disease risk \[[@B30-insects-10-00289],[@B31-insects-10-00289],[@B40-insects-10-00289],[@B49-insects-10-00289]\], as well as for mapping the geographic distribution and diversity of tick species \[[@B36-insects-10-00289],[@B50-insects-10-00289]\]. Significant changes in the distribution and local abundance of multiple tick species have been documented in the last two decades in North America (e.g., *I. scapularis*, *A. americanum*, *Amblyomma maculatum*, *D. variabilis*, *Haemaphysalis longicornis* Neumann) \[[@B51-insects-10-00289]\] and involvement of veterinary partners provides an effective and engaged network enabling surveys of large geographic areas and greater access to a wide variety of host species.

This study documents the presence of ten tick species collected from 36 different mammal and bird species. The most commonly reported ticks were *I. scapularis* and *D. variabilis* with submissions from 46 of the 72 Wisconsin counties for both species (several partners saw patients from multiple counties). We also recorded a large number of *I. texanus*, *H. leporispalustris*, and *I. cookei*; the majority of these three tick species came from wildlife rehabilitation centers and wildlife sanctuaries located in a more limited set of counties (Brown, Dane, Kenosha, Milwaukee, Oneida, Walworth, Waukesha, and Winnebago Counties). While 97% (992/1020) of all *H. leporispalustris* ticks were collected from eastern cottontail rabbits, we did receive 18 larval tick specimens removed from one cat by the Dane County Humane Society. Our SWAT partners did not note whether this animal was a stray or a domestic cat or whether the animal was in proximity to a rabbit while held at the Humane Society. These ticks were examined by colleagues working with the newly invasive species, *H. longicornis* \[[@B52-insects-10-00289]\], who were able to confirm the *H. leporispalustris* identification.

This study also documents the submission of two brown dog ticks, *R. sanguineus*, both from dogs. This tick is of interest because of its involvement in the transmission of *Rickettsia rickettsii*, the pathogen causing Rocky Mountain Spotted Fever in the southwestern United States \[[@B53-insects-10-00289]\]. *R. sanguineus* is not frequently encountered in Wisconsin and we could find few prior published reports of this tick in the state \[[@B20-insects-10-00289],[@B27-insects-10-00289],[@B54-insects-10-00289]\]. Knipping et al. \[[@B27-insects-10-00289]\] identified three counties with occurrence of this species in the 1940s: Dane, Milwaukee, and Fond du Lac. One of the SWAT submissions was from a facility in a county at the border between Wisconsin and Michigan (Marinette County) in 2011. The tick was on a Rottweiler and was removed in November. The dog owner reported frequent travel between the two states with uncertainty about where the tick was picked up. The other SWAT submission was from Wood County in central Wisconsin in June of 2013 and the owner of the dog did not report travel. In addition to the two SWAT submissions, during 2018 two separate cases of possible introduction of this tick were reported to the Insect Diagnostic Lab in the Department of Entomology at the University of Wisconsin--Madison, with specimens provided for identifications. These were from Barron (northwest Wisconsin) and Dane (southern Wisconsin) Counties. *R. sanguineus* is associated with indoor environments and dog kennels and is more common in the southern and southwestern United States.

The results reported here provide an updated baseline and extend knowledge about the distribution and host associations of the various tick species found in Wisconsin. One important limitation to the study concerns the range of hosts that were surveyed. In Wisconsin, there are 16 recorded ixodid tick species, of which five species were not detected with the SWAT program (*Ixodes muris*, *Ixodes angustus*, *Ixodes banksi*, *Ixodes brunneus*, and *Haemaphysalis chordeilis*). In addition, there were few submissions of four other species (*I. dentatus*, *I. sculptus*, *I. marxi*, and *R. sanguineus*). *I. dentatus* is most commonly found on rabbits; cottontail rabbits were frequently sampled by veterinary partners but *I. dentatus* was only found in Dane County. This confirms a prior report in 1957 where a survey of cottontail rabbits in Wisconsin also found the tick only in Dane county, indicating the northern edge of the range for this species has not changed \[[@B28-insects-10-00289]\]. With the exception of *R. sanguineus* and *I. dentatus*, the underrepresentation of the other seven ticks is likely a result of the few examinations of their preferred hosts. *I. muris*, *I. angustus*, and *I. marxi* are predominantly found on small rodents such as voles, white-footed mice, deer mice, and shrews \[[@B23-insects-10-00289],[@B55-insects-10-00289]\], and both *I. muris* and *I. angustus* have been found through small mammal trapping for studies of Lyme Disease in Wisconsin (unpublished data). *I. sculptus* is often found on small burrowing rodents such as prairie dogs and thirteen-lined ground squirrels; only three thirteen-lined ground squirrels were sampled for the SWAT study \[[@B56-insects-10-00289],[@B57-insects-10-00289],[@B58-insects-10-00289]\]. *I. brunneus* and *H. chordeilis* are ectoparasites of birds \[[@B46-insects-10-00289],[@B59-insects-10-00289]\] and relatively few birds were checked by our partners. However, our primary goals were to look for introduced species and to determine host association through passive surveillance by veterinary and wildlife care partners, and as such, we expected a bias towards large and medium sized mammals.

5. Conclusions {#sec5-insects-10-00289}
==============

We provide updated maps of tick species occurrence in Wisconsin based on surveillance of wild and domestic animals. These data provide a valuable baseline enabling evaluation of future changes in tick range and abundance and will be useful in the event of detection of species that are not currently established in Wisconsin.
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insects-10-00289-t001_Table 1

###### 

Summary of the animals examined for the Surveillance of Wisconsin Animals for Ticks (SWAT) program (2011--2017) and the most commonly collected ixodid ticks.

  Host                                          Common Name for Host       \# Of Animals \*   *I. scapularis*   *D. variabilis*   *H. leporispalustris*   *I. cookei*   *I. texanus*                                                        
  --------------------------------------------- -------------------------- ------------------ ----------------- ----------------- ----------------------- ------------- -------------- ---- ------ ---- ---- ----- ----- ---- ------ ------ ----
  Mammals                                                                                                                                                                                                                                   
  *Canis familiaris*                            Dog                        1204               1619              13                \-                      2317          4              \-   1      \-   \-   3     1     \-   \-     \-     \-
  *Canis latrans*                               Coyote                     6                  4                 5                 \-                      39            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Didelphis virginiana*                        Opossum                    9                  \-                \-                \-                      112           \-             \-   \-     \-   \-   \-    1     \-   1      \-     \-
  *Eptesicus fuscus*                            Big brown bat              1                  2                 \-                \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Equus ferus*                                 Horse                      1                  \-                \-                \-                      1             \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Erethizon dorsatum*                          Porcupine                  10                 7                 \-                \-                      44            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Felis domesticus*                            Cat                        350                449               68                3                       216           15             4    \-     \-   18   21    22    6    3      \-     \-
  *Glaucomys volans*                            Southern Flying Squirrel   1                  \-                \-                \-                      \-            2              \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Marmota monax*                               Woodchuck                  21                 7                 \-                \-                      4             \-             \-   \-     \-   \-   54    85    \-   3      \-     \-
  *Martes pennanti*                             Fisher                     1                  \-                \-                2                       34            \-             \-   \-     \-   \-   \-    3     \-   \-     \-     \-
  *Mephitis mephitis*                           Striped Skunk              3                  \-                \-                \-                      4             \-             \-   \-     \-   \-   6     3     \-   \-     \-     \-
  *Mustela ermine*                              Short-tailed Weasel        1                  \-                \-                \-                      \-            \-             \-   \-     \-   \-   \-    15    \-   \-     1      1
  *Mustela putorius furo*                       Ferret                     3                  \-                \-                \-                      3             \-             \-   \-     \-   \-   2     12    \-   \-     \-     \-
  *Neovison vison*                              Mink                       3                  \-                \-                \-                      \-            \-             \-   \-     \-   \-   29    39    \-   \-     \-     \-
  *Odocoileus virginianus, Cervus canadensis*   Elk/White-tailed Deer      8                  3                 2                 \-                      1             1              2    \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Ondatra zibethicus*                          Muskrat                    1                  1                 \-                \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Peromyscus spp.*                             Deer Mice                  2                  \-                \-                2                       \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Procyon lotor*                               Raccoon                    253                20                55                1                       230           \-             \-   1      \-   \-   88    34    2    1001   1569   7
  *Sciurus carolinensis*                        Grey Squirrel              5                  1                 \-                \-                      10            \-             \-   \-     \-   \-   1     \-    \-   \-     \-     \-
  *Spermophilus tridecemlineatus*               Thirteen lined Squirrel    3                  \-                \-                \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Sylvilagus floridanus*                       Eastern Cottontail         364                2                 4                 \-                      6             5              \-   1125   14   63   \-    \-    \-   1      \-     \-
  *Tamias striatus*                             Eastern Chipmunk           1                  \-                3                 \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Tamiasciurus hudsonicus*                     Red Squirrel               3                  \-                10                29                      1             \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Urocyon cinereoargenteus*                    Gray Fox                   1                  \-                \-                \-                      1             \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Vulpes vulpes*                               Red Fox                    4                  \-                \-                \-                      8             \-             \-   \-     \-   \-   8     8     2    \-     \-     \-
  Birds                                                                                                                                                                                                                                     
  *Bonasa umbellus*                             Ruffed Grouse              1                  \-                17                20                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Buteo jamaicensis*                           Red-tailed Hawk            3                  1                 1                 1                       \-            \-             \-   \-     3    \-   \-    \-    \-   \-     \-     \-
  *Catharus guttatus*                           Hermit Thrush              1                  \-                1                 \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Corvus corax*                                Raven                      1                  \-                3                 \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Grus canadensis*                             Sandhill Crane             1                  \-                4                 \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Meleagris gallopavo*                         Wild turkey                1                  15                \-                \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Pheucticus ludovicianus*                     Rose-breasted Grosbeak     1                  \-                2                 \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Seiurus aurocapilla*                         Ovenbird                   1                  1                 \-                \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Spinus tristis*                              American Goldfinch         1                  \-                1                 \-                      \-            \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Turdus migratorius*                          American Robin             2                  \-                1                 \-                      1             \-             \-   \-     \-   \-   \-    \-    \-   \-     \-     \-
  *Zenaida macroura*                            Mourning dove              1                  \-                \-                \-                      \-            \-             \-   1      \-   \-   \-    \-    \-   \-     \-     \-
  *Not identified*                              Unknown Animal             52                 85                \-                \-                      147           \-             \-   6      \-   \-   16    \-    \-   1      \-     \-
  *Totals*                                                                 2325               2217              190               58                      3179          27             6    1134   17   81   228   223   10   1010   1570   8

A = Adults, N = Nymphs, L = Larvae; \* Number of animals with at least one tick.
